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ABSTRACT 
Infrastructure forms a vital component in supporting today’s way of life and has a significant role 
or impact on economic, environmental and social outcomes of the region around it. The design, 
construction and operation of such assets are a multi-billion dollar industry in Australia alone. 
Another issue that will play a major role in our way life is that of climate change and the greater 
concept of sustainability. With limited resources and a changing natural world it is necessary for 
infrastructure to be developed and maintained in a manner that is sustainable. 
In order to achieve infrastructure sustainability in operations it is necessary for there to be: a 
sustainability assessment scheme that provides a scientifically sound and realistic approach to 
measuring an assets level of sustainability; and, systems and tools to support the making of 
decisions that result in sustainable outcomes by providing feedback in a timely manner. Having 
these in place will then help drive the consideration of sustainability during the decision making 
process for infrastructure operations and maintenance. 
In this paper we provide two main contributions; a comparison and review of sustainability 
assessment schemes for infrastructure and their suitability for use in the operations phase; and, 
a review of decision support systems/tools in the area of infrastructure sustainability in 
operations. 
For this paper, sustainability covers not just the environment, but also finance/economic and 
societal/community aspects as well. This is often referred to as the Triple Bottom Line and forms 
one of the three dimensions of corporate sustainability [Stapledon, 2004]. 
INTRODUCTION 
Civil infrastructure plays a key role in supporting and improving current way of life. However, the 
assets can have a large impact on the region around them, which are both positive (usually for 
the purpose they are built) and negative (consequences and unintended effects). There is an 
increasing trend for society to place an importance on the role of sustainability to ensure that 
there is a world suitable for future generations. In order to ensure that the world for future 
generations is in the best possible condition it is increasingly important to look at integrating 
sustainability outcomes into the way industry operates, including the infrastructure industry. It is 
therefore important to undertake sustainability assessment of civil infrastructure projects. By 
having organisations take on sustainability assessments of civil infrastructure assets both during 
construction and in operation, the industry can assist to drive outcomes and results that will 
benefit society and future generations and make their own operations more efficient. 
In Australia it is estimated that the cost of maintaining infrastructure (not including residential 
buildings) and industrial facilities is $30 billion each year [CIEAM, 2010] [Urban Land Institute, 
2011]. This cost is also increasing as new pieces of infrastructure are completed and brought 
into service and some existing infrastructure are expanded to cope with higher levels of 
demand. 
With an increasing awareness of sustainability and climate change as well as increasing costs, 
infrastructure and engineering asset management has become an internationally recognised 
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field, with the aim of reducing the costs of ongoing infrastructure operations. This field has now 
also taken on the challenge of also reducing the impacts that infrastructure operations and 
maintenance have on the environment and society and hence the idea of sustainable 
infrastructure operations or ‘sustainability in infrastructure operations’. 
While many in the infrastructure industry acknowledge the need for and even the benefits from 
sustainability there is not much to drive industry to incorporate sustainability outcomes and 
associated risk assessment into the critical path of making decision regarding the operation of 
infrastructure in Australia or indeed the world. 
This paper follows the following format; firstly we introduce the topic of infrastructure 
sustainability with an emphasis on the operations and maintenance phase of an infrastructure 
asset’s life. Then we look at several sustainability assessment schemes applicable to the 
transport sector of the infrastructure industry and provide a high level review, comparison and 
analysis of selected schemes. Following the schemes we then look at decision support (such as 
systems, tools, frameworks, methods for example) in sustainability assessment and provide a 
review of current works. Finally, we conclude our paper. 
INFRASTRUCTURE SUSTAINABILITY 
Given the large amounts spent on infrastructure projects, the size and scale some projects can 
take on and the sheer volume of projects being currently undertaken, being planned for or will 
be needed in the future (especially in countries undergoing modernisation) civil infrastructure 
projects for better or worse have a large impact on the surrounding environment and 
communities, along with their residents [Urban Land Institute, 2011]. 
With an increasing awareness of sustainability; which covers environment, finance and society; 
and climate change among the community and increasing expectations of being more 
‘environmentally friendly’, organisations involved in infrastructure projects (regardless of the 
stage) have to now take into consideration and face the challenge of also reducing the impacts 
that infrastructure assets have on the environment and society and hence the idea of 
sustainable infrastructure has been born. 
In the early stages, the primary focus for an organisation involved in an infrastructure project 
was to meet the needs/terms specified without exceeding a money or time limit (eg. on time and 
on budget). The focus was thus on economic performance and getting good value for money. 
Over time a shift towards also considering the environment came about (often via government 
legislation) and many organisations now undertake activities like environmental impact studies 
& assessments and aim to reduce the impact the infrastructure asset (and activities associated 
with it) have on the surrounding environment. However, true sustainability considers not just the 
economic factors and environmental impacts, but also the impacts on society; the communities 
and people that will be affected, in both good and bad ways, by the infrastructure asset or 
activities associated with it. This vision of sustainability (economic, environment and social) is 
often known as the Triple Bottom Line [Group of 100, 2003]. 
Various organisations are at different stages of incorporating sustainability into their business 
activities. Some have looked at reducing their use of electricity in their offices, others have 
started to look at how sustainability can be worked into projects and works they undertake for 
clients. Some organisations have gone further and actively made it part of their organisation by 
introducing into their organisation’s vision, values and mission statement. 
To gain an idea of the level of support sustainability considerations have in the infrastructure 
industry we undertook an online study where we searched the public websites of businesses 
involved in infrastructure, especially the operations phase. In our study we identified 36 
businesses or organisations, of which 25 (69%) are involved in the transport sector. Of these 25 
businesses, we were able to identify 18 (72%) that stated/indicated on their website that they 
had some form of ‘sustainability’ policy. However, it is important to note that the perceived value 
and level of sustainability commitment varied greatly, with some claiming to have a sustainability 
policy, but all the available details indicate that it only focused on the environment. 
The level of available information on how the policies operate, are implemented or managed 
varies as well. In one case, the only information we could gather was akin to the fact that the 
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business has a sustainability policy, but anything further could not be determined. In this 
scenario it is impossible to determine the true value the business places on sustainability and 
how seriously they consider initiatives. 
Further, a study into environmental risk assessment in 2004, found that at the time 
environmental risk assessment was generally not included or covered in the process of drawing 
up infrastructure (specifically roads) maintenance contracts [Austroads, 2004]. The report also 
covered environmental (not sustainability) performance indicators and noted that at the time 
several were still under development. Given the time that has now elapsed since this study, it 
would be hoped that environmental risk assessment is now a standard part of maintenance 
contracts and the performance indicators that were under development are now in use (or 
perhaps been revised and improved). However, we were unable to identify a more recent study 
of a similar nature to confirm this. 
While it is becoming more important and critical for sustainability to be part of civil infrastructure 
projects, it is just as important and critical to ensure that the correct areas are taken into 
consideration when performing a sustainability assessment for an infrastructure project (or an 
operating asset). 
A decade on from the major uptake of sustainability assessment in buildings, there is still a 
notable lack of sustainability rating schemes with a focus on infrastructure. In 2003, the Civil 
Engineering and Environmental Quality Assessment and Award Scheme (CEEQUAL) was 
launched in the UK. CEEQUAL was the first sustainable rating scheme with a primary focus on 
civil infrastructure to enter the market. The development of this scheme represented a 
significant step forward in addressing the lack of sustainability rating schemes for infrastructure; 
however, other gaps remain to be addressed. More recently in 2012, the Australian Green 
Infrastructure Council (AGIC) launched an Infrastructure Sustainability Rating Scheme (known 
as AGIC IS). This scheme draws upon the work of CEEQUAL and also focuses on the civil 
infrastructure industry, but extends the scope of its sustainability assessment to also include the 
operations phase of infrastructure. 
In an article written by two senior research engineers in Washington State (USA), it is noted that 
“…sustainability assessments are used by industry to optimise their operations. These 
assessments involve characterising the process, identifying potential alternatives, evaluating the 
alternatives and making recommendations.” [Engle-Cox & Fowler 2004/2005]  
In the context of impact assessments of infrastructure, sustainability assessment is the next 
step forward from environmental monitoring and assessment; progressing from past monitoring 
trends such as Occupational Health & Safety, Environmental Impacts, Quality and Risk 
Assessments. 
The basic objectives of sustainability assessment include: 
• Presenting reliable data to ‘indicate’ a level of sustainability earlier in the project life, and to 
guide project design decisions. 
• Employing a set of highly-considered criteria and indicators to inculcate existing monitoring 
tools and systems such as the project’s Environmental Monitoring System (EMS) and Quality 
Assurance program, in addition to Corporate (or project) Sustainability Reporting efforts.  
• Enforcing the PLAN – DO – CHECK - ACT process by monitoring, measuring and 
interpreting data against ‘industry best’ practises. 
• Presenting a ‘moving target’ of best practice in the infrastructure industry. 
Those same researchers in Washington, note that “The typical benefits associated with 
performing assessments and implementing the identified opportunities include: cost avoidance, 
material use reduction, waste minimisation risk reduction and good public relations” [Engle-Cox 
& Fowler 2004/2005]. 
Why is it Important to Review Sustainability Schemes? 
Over the past decade there has been a clear trend showing an increase in sustainability rating 
schemes for buildings. The uptake of the sustainability agenda in the building industry can be 
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attributed to a variety of factors including increased industry focus on sustainability and 
legislative changes. It is for these reasons and more that the introduction of sustainability ratings 
into the world of infrastructure is highly recommended. 
Industry focus on sustainability  
Kato and Murugan (2010) recently conducted a study on behalf of Australia’s leading 
sustainability rating scheme for buildings, the Green Building Council of Australia (GBCA). 
Results from this study indicate that Green Star certified buildings are proving to perform 
favourably in terms of environmental, economic and social factors. There is increasing evidence 
of the economic benefit on account of introducing sustainability into buildings leading to 
owner/operator desires for sustainable office buildings.  
The other key driver for the increased industry focus on sustainability in buildings is corporate 
image. Research by Jones Lang LaSalle (2011) indicates that sustainability strategies are 
becoming increasingly important in business decisions by corporations, with sustainability being 
listed as a factor in building decisions for 92% of corporations. 
The same logic should apply to infrastructure. That is, the introduction of sustainable practices 
in infrastructure projects should lead to better outcomes in terms of environmental, economic 
and social factors. 
Legislative changes (stemming from climate change) 
The importance of sustainable development has been gathering continuous momentum since 
the release of the Bruntland Report in 1987. This momentum has resulted partly from the 
preparation of major economic reports to governments, such as the Stern Report to the 
government in the UK (2005) and the Garnaut Report to the Australian Federal Government 
(2007). These reports both concluded that a ‘business as usual’ approach to greenhouse gas 
emissions would lead to ‘global economic and environmental catastrophe in the long term’ 
[Reed, Bilos, Wilkinson and Schulte, 2009].  Such revelations increased the momentum for the 
the adoption os sustainability practices. 
Too and Too (2011) note that the Australian government is in strong support of the move 
towards sustainable buildings, evidenced by the introduction of incentives and mandatory 
compliance such as the requirement for commercial buildings with greater than 2,000m2 floor 
space to obtain and disclose a Building Energy Efficiency Certificate (BEEC) comprising an 
assessment under the NABERS Energy scheme among other requirements [Commonwealth of 
Australia, 2011].  
The introduction of such legislation in buildings is creating more awareness about the necessity 
of sustainability. If this trend continues, we may see the government legislating on the 
sustainability of large scale infrastructure projects in the future. 
State of Australian infrastructure 
The latest Infrastructure Report Card released by Engineers Australia (2010) indicates that the 
current state of infrastructure in Australia is ‘only just adequate’ and in need of major changes. 
The C+ rating that Australian infrastructure has received for the last two report cards (2010 and 
2005) indicates that there is room for significant improvements in the design, construction and 
maintenance of Australian infrastructure. The introduction of a sustainability rating scheme in 
Australia that is wholly focused on infrastructure would act to encourage and highlight the 
importance of sustainable design, construction and operational practices in infrastructure. 
Risk stemming from global change 
Traditional infrastructure systems face an increasingly challenging situation as a result of 
growing impacts [Biggs, Ryan and Wiseman, 2010]. Many of these threats or hazards can 
damage or destroy critical infrastructure and disrupt the continuity of essential services. It is 
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therefore essential to establish more resilient and sustainable infrastructure that can withstand 
the causes of disruption as outlined below. 
SUSTAINABILITY ASSESSMENT SCHEMES 
A number of sustainability ratings schemes for infrastructure exist within the market, a selection 
of the most popular and relevant to the road industry will be analysed and discussed in this 
report. Our search of sustainability assessment schemes for infrastructure revealed six major 
schemes of interest; INVEST, Greenroads, GreenLITES, CEEQUAL, AGIC IS and EnvISIon. 
INVEST and AGIC IS are Australian sustainability assessment scheme, while Greenroads, 
GreenLITES and EnvISIon are American based and CEEQUAL is British, but also offers an 
international version for use outside of the United Kingdom and Ireland. 
During our search we also looked at the Environmental Management Tools for Road Contracts 
developed by Austroads [Austroads, 2004]. As stated by the report, its purpose is “to deliver 
improved environmental outcomes”. Based on this statement and a review of the report, the 
focus is purely on environmental concerns. Thus it is not about sustainability management or 
outcomes. Given that our study is interested in sustainability schemes (the triple bottom line) 
and not just environmental reports/schemes, this report and its performance indicators have 
been excluded from the comparison. As we have already indicated, it is necessary to go beyond 
just the environment. 
Firstly, a high level comparison of these six schemes (as shown in Table 1) reveals that only one 
of the schemes covered has the ability to measure and assess the operational phase of an 
infrastructure asset’s life. The EnvISIon scheme is being developed to include the construction 
and operations phases, but at this stage the EnvISIon scheme only covers the design phase. 
Another fact that can be seen from the comparison is that none of the schemes consider 
sustainability for infrastructure after its operational life is over and it enters the deconstruct or 
decommissioning phase. 
The lack of a sustainability scheme that encompasses the deconstruct/decommission phase of 
an asset’s life means that currently when it comes to removing the asset there is no scheme to 
assess performance against and encourage more sustainable practices. Thus for example, the 
objectives of reuse and recycling may not be fully realised as there is no rating scheme to 
outline and weight the importance of these activities. 
Comparing the division of credits available within a scheme by category reveals the results in 
Figure 2. Here it can be seen for each sustainability assessment scheme, how the credits are 
divided up amongst 9 different categories that cover different aspects of sustainability. From 
this, the three transport specific assessment schemes allocate a large portion; approximately 23 
to 25% each; of credits to the category of ‘Materials and Resources’. For the Greenroads and 
GreenLITES schemes the category of ‘Ecology & Biodiversity’ is the second highest valued in 
terms of credits, while the second highest weighted in terms of credits for the INVEST scheme 
is the category of ‘Land Use & Heritage’, with the category ‘Ecology & Biodiversity’ being third. 
Table 1: Coverage of infrastructure life cycle phase by sustainability rating schemes. 
 Infrastructure Life Cycle Phase 
Schemes Design Construct Operate Deconstruct / 
Decommission 
INVEST Yes Yes No No 
Greenroads Yes Yes No No 
GreenLITES Yes Yes No No 
CEEQUAL Yes Yes No No 
AGIC IS Yes Yes Yes No 
EnvISIon Yes Planned Planned No 
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For the generic sustainability assessment schemes (those schemes developed to be used on 
multiple infrastructure asset classes) of CEEQUAL and EnvISIon, the categories of ‘Materials 
and Resources’ and ‘Ecology & Biodiversity’ are equally the highest weighted by credits at 
approx 16 to 17%, but are weighted less heavily than the highest category in the transport 
specific schemes. For AGIC IS, the category of ‘Ecology & Biodiversity’ is the highest weighted 
by credits at 17.07%, followed closely by ‘Land Use & Heritage’ and ‘Community Wellbeing’both 
making up 14.63% of the total credits. 
Interestingly the GreenLITES scheme appears to gives no weight given to the category of 
‘Project Management’, while the Greenroads scheme does not appear to evaluate the category 
of ‘Stakeholder Relationships’. 
 
Figure 2: Indicative distribution of credits within sustainability schemes by category. 
Figure 3 indicates how many credits are applicable to each of the 9 categories according to 
project phases of design, construction and operation. As is revealed in Figure 3, the majority of 
credits are applicable to the design phase (red bars), followed by the construction phase (green 
bars), with the operation phase (purple bars) lagging far behind. The credits applicable to each 
phase are as follows; Design 82, Construction 66 and Operation 38. This is representative of 
the spread of credits across all sustainability rating schemes considered. 
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Figure 3: Distribution of credit points available in schemes by phase. 
This spread indicates that for these sustainability assessment schemes the design phase is 
seen to have the most ability to influence sustainable outcomes in a project, with the schemes 
deeming the least impact possible on sustainable outcomes being in the operation phase. This 
concept is backed up by the fact that only one of the six schemes currently covers the 
operations phase of an infrastructure asset’s life and that scheme is a generic one, as opposed 
to one exclusively for the transport sector. Considering the breakdown of credits according to 
category, all categories appear relevant during the design phase, while the relevance of some 
categories appears to diminish (based on these sustainability assessment schemes) during the 
construction and operation phases. For example, ‘Transportation’ and ‘Ecology & Biodiversity’ 
appear to be of least relevance during construction, whereas Materials and Resources appear 
extremely significant. During the operational phase ‘Community Wellbeing’ and ‘Stakeholder 
Relationships’ appear to be of most significance whereas ‘Transport’ seems to have no 
significance. Also worth noting is that none of the categories is more significant in the operations 
phase than the design or construct phases. Only the ‘Community Wellbeing’ category has equal 
significance in the design and operation phases. 
It is also interesting to note that the ‘Community Wellbeing’ category decreases in importance 
slightly during the construction phase, which is precisely the time that those in an infrastructure 
asset’s immediate surrounds are most likely to be negatively impacted. 
Analysis Results 
Gap 1: Lack of coverage of the Operations / Maintenance and Deconstruct 
/ Decommision phases of infrastructure assets 
This gap is applicable to INVEST, Greenroads, GreenLITES and CEEQUAL for the operation 
and decommission phases and to AGIC IS and EnvISIon for the decommission phase 
(assuming that EnvISIon extend their assessment to the construction and operations phases as 
planned). 
The industry is still awaiting the release of a sustainability rating scheme for the transport sector 
of infrastructure with full coverage of the operations/maintenance phase of infrastructure 
projects. While sustainable practices during the design and construction phases are important, 
the operational phase of infrastructure is the longest phase of an infrastructure’s lifespan and 
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therefore has the potential for the largest impact on sustainability. Engineers Australia (2010) 
stated that;  
“all infrastructure owners must have adequate data on their infrastructure assets, and 
must use this to plan and fund maintenance and renewal programs. Maintenance may not 
be the most newsworthy activity, but it is the most essential in ensuring the longevity of 
any infrastructure asset.” 
The newly released AGIC IS scheme covers the operations phase and of the schemes surveyed 
is currently the only one to do so. The EnvISIon assessment scheme plans to extend coverage 
to the construction and operations phases, but currently only covers the design phase. 
Decommissioning/deconstruction is the other phase of an infrastructure’s lifecycle that is often 
forgotten. Of the schemes considered, only AGIC, CEEQUAL and EnvISIon require any 
consideration of the deconstruction phase, with AGIC and EnvISIon stipulating the 
establishment of a deconstruction plan including methodology, materials etc. However, this is 
not a substitute for a sustainability assessment scheme to explicitly have a component focusing 
on the actual undertaking of the activities. We previously briefly mentioned an example of how 
this gap can affect industry and impact on the goal of achieving sustainability. 
Gap 2: Lack of focus on social criteria in sustainability rating schemes 
This gap is applicable to all schemes survey in this work. 
Social factors have been covered to some extent in most sustainability rating schemes 
considered in this work, however social considerations are primarily focussed on issues such as 
noise, air and light pollutions resulting from construction/operation and community engagement 
during the design and construction phases of infrastructure projects.  
What is lacking in most schemes is criteria considering the actual impacts infrastructure projects 
may have on community connectivity, health and wellbeing. While it is acknowledged that these 
are difficult impacts to measure, they are also essential to wholly rate the sustainability 
outcomes of an infrastructure project during the course of its life cycle. Furthermore, the 
Greenroads scheme does not consider the category of ‘Stakeholder Relationships’ which covers 
part of the social aspects of sustainability. Stakeholders here include not only the end clients 
and workers/organisations associated with making the infrastructure but also includes; end 
users, local entities (such as residents, businesses, organisations, groups) and others whose 
way of life will be impacted on by the infrastructure asset regardless of geographic distance and 
location. 
Given that sustainability is about more than just the environment it is important to ensure that 
the social aspects are covered and included in a manner that supports better social outcomes. 
Currently the lack of focus means that an asset’s impact on society may not be accurately 
measured, evaluated or valued. 
Gap 3: Lack of focus on economic criteria in sustainability rating schemes 
This gap is applicable to all schemes survey in this work. 
The requirement for economically sustainable infrastructure projects is widely accepted, 
however, this knowledge has not translated into the development of associated criteria for 
economic factors in the sustainability rating schemes considered. Economic factors have 
historically been the influencing factors in decision-making in infrastructure projects. In such 
situations economic impacts carry more weight in decision-making than the corresponding 
social and environmental impacts. It is important to assess infrastructure projects holistically i.e. 
considering the economic, environmental and social impacts together. In order to do so, all three 
characteristics must be represented in infrastructure sustainability rating schemes. 
Together with the previous gap, there is still a heavy focus on the environmental aspects of 
sustainability as opposed to a balanced view across the three pillars of economy, environment 
and social/community. This is supported by two surveys done previously on sustainability 
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assessment schemes. While these reports focused on schemes related to the building industry, 
they found that the majority of relevant sustainability assessment schemes did not cover the 
three pillars of sustainability. A survey of 25 schemes in [BRE 2004] resulted in the discovery 
that only 8 of those schemes considered all three aspects of sustainability (economic, 
environment and social). A further 6 schemes considered two aspects (environment plus one 
other), while the remaining 11 schemes only considered the environmental aspect of 
sustainability. Similarly, a survey of 9 schemes in [Reed et. al. 2009] revealed that only 4 
schemes considered all aspects of sustainability. In both surveys it was found that all of the 
sustainability schemes considered the environmental component, but had varying levels of 
consideration of the economic and social components. 
Gap 4: Lack of full coverage by an assessment scheme for all classes of 
infrastructure for all phases of the asset’s life 
At the time of this study, there is no single sustainability assessment scheme that covers all 
infrastructure assets for all phases of the life cycle. While the transport sector of the 
infrastructure industry may not be concerned with having a scheme that covers all infrastructure 
classes, there are advantages to having schemes that can do so. It is highly possible that by 
having too many different schemes to assess sustainability even within one sector of 
infrastructure, industry feels discouraged because they do not know which scheme to use and 
that when developing submissions to tenders, the tendering organisations may be asking for 
assessment using different schemes which can then become a resourcing and skills issue for 
the submitting organisation. 
Currently the AGIC IS and CEEQUAL schemes offer the most comprehensive coverage of 
infrastructure classes, with the AGIC IS scheme providing coverage of the most phases of an 
infrastructure asset’s life. Despite this, AGIC IS and CEEQUAL are still lacking in the following 
ways: 
1. infrastructure classes – although the CEEQUAL rating scheme purports to cover ALL 
infrastructure classes, the scheme in actual fact is predominantly focused on civil 
infrastructure, covering Transport and Water infrastructure but overlooking much of the 
Communications and Energy infrastructure. 
2. project phases – at this stage, CEEQUAL is available for the assessment of civil 
infrastructure in the Design and Construction phases only. The CEEQUAL team has recently 
launched a scheme for Term Contracts that includes maintenance works during the operation 
of an asset; however, a full assessment during the operational phase of a project does not 
exist. The AGIC IS scheme covers the design, construction and operations phase (the most 
of all the schemes surveyed) but still does not cover the decommissioning phase of 
infrastructure. 
The EnvISIon scheme, governed by the Institute for Sustainable Infrastructure (ISI) in the US, 
released the EnvISIon Stage 2 toolkit in January 2012. EnvISIon Stage 2 is primarily designed 
for the assessment of infrastructure projects in the Design and Pre-Construction phases. Tools 
to assess infrastructure projects in the Construction, Operational and Maintenance phases are 
currently under development (Institute for Sustainable Infrastructure, 2012, para. 4). But even 
with the planned extension of the scheme, it still will not cover the decommission phase. 
DECISION SUPPORT FOR SUSTAINABILITY ASSESSMENT 
Very little published academic & research literature could be sighted covering decision support 
systems for this particular application area. This may be due to the fact that sustainability and in 
particular in sustainability in infrastructure operations has only become a major topic in recent 
years, especially when compared to the approximately 40 to 50 years of decision support 
system work and research. In this review an attempt to build a picture using limited research 
findings is presented. 
A major trend in decision support system research in this application area is the development of 
frameworks as opposed to an actual decision support system (eg. an actual application). 
Instead of developing a system to support decision makers, frameworks outlining a decision 
making process are developed, such as those in [Jeon, 2005]. The advantage is that these 
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frameworks could be applied into any system being developed, especially the more generic 
ones. However, there is a downside in that there often is no example of a decision support 
system implementing the framework to use as a reference. Frameworks have a tendency 
towards either being generic; for multiple infrastructure classes; or specific to a single 
infrastructure class (eg. transport) or a specific project. Frameworks that are more generic or 
designed for multiple infrastructure assets are unlikely to have sector specific sections or criteria 
due to their desire to be more widely applicable. Thus these more generic criteria may not be 
the best for helping support sustainable decision making in a given field, but still may be better 
than none, especially when a particular sector or field has no specific framework. 
For the purposes of this work, the primary difference between a framework and an assessment 
scheme, is that a framework is largely a checkbox system that indicates what needs to be 
considered, but does not necessarily specify performance levels. An assessment scheme not 
only sets the criteria to be considered, but also sets performance levels (there can be more than 
one performance level per criteria), how performance is assessed (such as evidence required to 
show achievement) and the points/credits awarded on achievement towards a scheme rating. 
A survey of sustainability frameworks for transportation systems was conducted by Jeon [2005]. 
It was noted that there was no standard definition for transport sustainability (the survey 
provides a high level view of 16 different sustainable transport initiatives); it was being defined 
through impacts that the system has on the economy, environment and general social well-
being and is measured through system effectiveness and efficiency. It then asked that if there is 
consensus on what a sustainable transport system is and thus how can a plan for a sustainable 
system be made [Jeon, 2005]. While this seems to imply a focus on the planning and/or design 
aspects, if a sustainable transport system is not defined, how can one operate a transport 
system in a sustainable manner? Furthermore, while the survey by Jeon [2005] only looked at 
transport, this question could be asked of any infrastructure class or type. 
Table 2 shows a summary of the survey of sustainability frameworks undertaken in [Jeon, 2005]. 
The table shows a collection of frameworks and the number of sustainability criteria/aspects that 
it includes, broken down across five major categories. As it can clearly be seen from these 
results there is a heavy focus on criteria associated with the environment, with a total of 67 
criteria being present in the survey. The other key aspects of sustainability; economy and social 
only have 11 and 29 (35 if safety oriented criteria are considered to be part of society) criteria 
respectively present. Not only is there more criteria for environmental concerns, but of the 
frameworks in the survey, they are more likely to include a greater number of the environmental 
criteria as opposed to the economic and social criteria. Across the 16 frameworks, on average 
there are 8.4 environmental criteria included in a framework, against the 2.4 for social and 0.9 
for economic. Also specific to these frameworks is the presence of transportation related criteria, 
which has a total of 64 criteria. These are specific to this industry sector and may or may not be 
sustainability related. 
Of the 16 frameworks in the survey, only 4 of them include criteria from all the aspects of 
sustainability (economic, environmental and social). Another 2 frameworks only consider 
economic and environment, while 6 more only consider environment and social. Finally, 4 of the 
frameworks only have environmental criteria and cannot be called sustainability frameworks 
(per the definition adopted in this paper) as they do not include the other aspects of 
sustainability. For this comparison we have ignored the categories of safety oriented and 
transport related, which all frameworks have at least one criteria included. If we consider the 
safety category to be part of sustainability’s social aspects, then there are now 6 frameworks 
that consider all aspects of sustainability, 7 frameworks that consider environment and social 
and 3 frameworks that consider environment only. However, while safety may be considered 
part of the social aspect, it does not cover the entire concept of society and community that is 
considered to make up this aspect of sustainability and thus can not be seen as a replacement 
for proper social criteria. 
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Table 2: Summary of sustainability frameworks in transportation infrastructure, adapted 
from survey in [Jeon, 2005]. 
Frame-
work 
Economic Transport-
ation 
Related 
Environ-
mental 
Safety 
Oriented 
Social-
cultural / 
Equity 
Related 
Total 
Total 
Criteria 
11 64 67 6 29 177 
USDOT 0 3 7 0 4 14 
USEPA 0 1 33 0 3 37 
TransCana
da 
0 1 5 0 2 8 
EC 0 3 19 0 0 22 
NRTEE 0 5 3 0 0 8 
ORTEE 5 5 6 1 4 21 
TAC 3 20 3 1 0 27 
VTPI 0 9 2 2 5 18 
CST 0 7 9 1 0 17 
OECD 0 8 6 1 2 17 
WorldBank 1 10 5 1 0 17 
PROSPEC
TS 
4 1 7 3 8 23 
EEA 1 14 12 2 8 37 
Baltic 0 7 11 2 1 21 
UK 0 5 5 0 0 10 
New 
Zealand 
1 7 2 0 2 12 
Average 0.9375 6.625 8.4375 0.875 2.4375  
 
These results are in line with those previously mentioned from studies of assessment schemes 
in the built environment industry [BRE 2004] and [Reed et. al. 2009]. These results show that 
there is still a heavy focus on the environmental component of sustainability at the detriment of 
the economic and society/community components and a more balanced framework or 
assessment scheme needs to be looked at or developed. 
Jeon also continued to indicate that there also was no standard framework for sustainability in 
transport and those existing frameworks could be classified into three groups; 
• Linkage based frameworks that capture relationships between causal factors, impacts and 
corrective actions. 
• Impact based frameworks that focus on the nature and extent of the various kinds of 
impacts. 
• Influence-oriented frameworks developed to keep in mind the relative level of influence that 
users, agencies, organizations etc have on activities and/or actions the effect progress 
towards sustainability. 
Frameworks can also be built using more than one type (linkage, impact and influence) allowing 
combinations to be developed and that these framework types can be applied to any 
infrastructure and not just transport. However, no analysis or review was undertaken [Jeon, 
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2005] to compare the different framework categories and no examples or references to existing 
instances were provided. Thus the success of the different framework types is unclear. What 
makes also more difficult to determine whether a framework or framework type is suitable and 
capable of being successful is the difficulty to determining whether the performance (or lack of) 
of a framework in driving sustainability outcomes is due to the criteria of the framework or due to 
the type of framework being used. 
A topic specific survey in [Zavadskas et. al., 2008] focusing on road and bridge construction 
showed two points of interest. Firstly, that infrastructure maintenance, considered to be part of 
the operation of infrastructure, does not appear to feature heavily in this survey’s identified 
published works, with only one publication out of the 22 making reference to maintenance. 
Secondly, that out of the 17 publications surveyed related to decision making, only 6 made 
reference to or considered sustainability and referred to the application of sustainability to 
buildings related to the infrastructure. 
The survey also makes further suggestion that multi-attribute analysis may be helpful in the 
early stages of a project, but that cost benefit analysis is more useful for project prioritisation 
and selection of final form. From this it is suggested that different analysis methods should be 
utilised at different stages and been seen as complementary rather than being competitors 
[Zavadskas et. al., 2008]. This however, does not help with identifying a good sustainability 
support tool to assist with decision making. Given that the those works that did reference 
sustainability did so with regards to buildings (as opposed to the road or bridge itself) and that 
all but one did not seem to refer to the operations or maintenance phase of an asset, a 
conclusion that can be drawn is that decision support (be that via a system or framework) is not 
deemed to be important after the asset is built. Hence the majority of the focus appears to be 
only on the design and construction. 
Work by [Šelih et. al., 2008] covers decision support in transport infrastructure. A decision 
support system was developed to determine the priorities of a maintenance schedule; which 
projects to undertake with a limited budget; but it does not look at how they are executed (eg. 
the underlying activities) and hence whether they are being conducted in a manner that 
supports sustainability. The main focus of the work and developed system is specifically 
highways and associated overpasses with the primary goal being to develop the best 
maintenance/rehabilitation program based on budget constraints and current asset 
performance. In the system and case study, sustainability is not a concern, with there being no 
mention about the key aspects of sustainability beyond the calculation of an indirect cost based 
on the financial value of the extra time needed by a vehicle to travel through a section of the 
highway undergoing maintenance. This indirect cost can be seen as an aspect of society and 
minimising the impact maintenance activities have. It was noted that when the case study was 
executed, when direct costs were considered the system prioritised projects which could be 
grouped together (due to the overpasses being in the same segment of highway when it comes 
to closures of a lane). However, when indirect costs are added the system tended to prioritise 
those overpasses where the traffic volume was lower. 
This review was part of a larger literature study that had a primary focus on decision support 
system research, application and usage in infrastructure operations, where the driver is not just 
to support the economics of day to day operations and maintenance, but also to do these 
activities in a way that delivers sustainability outcomes, through the consideration of the core 
sustainability themes; environment, society/community and economy (also known as the triple 
bottom line). The separate individual areas of infrastructure and sustainability were included to 
ensure a good level of coverage of existing works and to improve the possibility of the discovery 
of works in these areas that are relevant to this research project. This larger study focused on 
existing published academic and research works from a variety of sources. 
The findings of this review and the larger study are in alignment in that; 
• for those systems and frameworks in the sustainability area are heavily focused on the 
environmental aspects of sustainability, as opposed to the economic and social aspects 
• support systems and frameworks tend to be designed more for and concerned with the 
planning, design and to a lesser extent the construction phases of infrastructure assets, with 
little concern for operations (usually the longest phase of an asset’s life) and 
deconstruct/decommissioning. 
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BENEFITS OF INFRASTRUCTURE SUSTAINABILITY 
Sustainability activities and initiatives were traditionally and perhaps still are to some extent, 
seen as a burden that will impose costs, overheads, delays and difficulties on the projects they 
are undertaken on and thus onto the organisation. It is about balancing the three aspects of the 
triple bottom line and may be difficult in some scenarios to achieve a successful balance. It 
however, is not “a matter of trading off positives impacts in one area against negative impacts in 
another” [RAoE, 2005]. 
As we briefly mentioned earlier in this paper, some possible benefits from undertaking 
infrastructure sustainability can include: 
• cost avoidance 
• material use reduction 
• waste minimisation 
• risk reduction 
• and good public relations [Engle-Cox & Fowler 2004/2005]. 
Further to this, sustainability initiatives have the potential to offer the following sources of value 
to benefit a business that engages in such practice: 
• positive company image, reputation and brand strength 
• positive employee engagement 
• cost savings & efficiencies 
• new sources of revenue & increased revenue from existing sources through new and/or 
improved market share 
• risk reduction and management 
• and confirming of ‘social licence to operate’ [Bakan & Burke, 2005] [Porter & Kramer, 2006] 
[Weber, 2008]. 
While businesses and organisations involved in infrastructure asset operations and 
maintenance wish to receive benefits from undertaking sustainability initiatives, there is one very 
important reason for engaging in sustainability, the legacy an asset will have on future 
generations. This can be summed up with the following; “We are building 2050 today.” [ISI, 
2012]. 
If industry does not take sustainability into consideration today, any consequences could be felt 
by future generations for many years. Unsustainable practices and inefficiencies can be locked 
in and costly to reverse, undo or correct. 
CONCLUSIONS 
This review aims to look at sustainability assessment schemes and decision support for 
sustainability in the transport sector of the infrastructure industry. It provides a high level 
comparison of popular road oriented assessment schemes as well as more generic schemes 
that can be applied to roads (and associated infrastructure, such bridges and tunnels). This 
paper furthermore, looks into several decision support frameworks and systems discovered 
during a literature study with an emphasis on looking in particular at the operations phase of an 
infrastructure asset’s life. 
From our study we discovered the following key points; 
• that in the transport sector of the infrastructure industry sustainability assessment schemes 
focus heavily on the design and construction phases of an asset 
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• that within the sustainability assessment schemes there is still a heavy focus on the 
environment as opposed to economic and social aspects, leading to potentially unbalanced 
assessment schemes that do not properly value the other two sustainability aspects 
• that of a collection of 16 frameworks only 4 include criteria from all three key aspects of 
sustainability, with the majority having a heavy focus on the environmental aspects, with less 
criteria used, if at all, for the economic and social aspects 
• that of 17 publications regarding decision making in the transport sector of infrastructure, 
only 6 had references to sustainability and that they referred to sustainability in buildings 
associated with the piece of transport infrastructure.. 
This paper also identified 4 high level gaps with the sustainability assessment schemes 
considered in this study. The identified gaps include; 
• lack of coverage of the Operations/Maintenance and Deconstruct/Decommision phases 
• lack of focus on social criteria 
• lack of focus on economic criteria 
• lack of full coverage by an assessment scheme (all asset classes and all phases) 
In this paper we briefly outlined the benefits that are possible from undertaking sustainability. 
Further details and how both sustainability and business benefits can be achieved in tight or 
even declining budgets is given in more detail in a business case for industry that the project 
has recently developed. Given that one of the possible benefits of sustainability is cost 
efficiencies/savings, if a business can achieve this, then sustainability will have a positive impact 
in the scenario of declining budgets. 
Following on from this review, the project is in the process of undertaking a more detailed and in 
depth study of sustainability assessment schemes. The aim of this further study is to compare 
individual criteria, measures and credits/points that make up the schemes and identify 
differences and aspects that are lacking or are common across the schemes. It is hoped that 
this comparison can help improve sustainability assessment schemes for infrastructure and help 
industry to have confidence in the quality and rigor of said scheme. 
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